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390a Tuesday, February 5, 2013but it is important for rationalizing the kinetics and potentially developing
inhibitors.
Using a nanosecond laser spectroscopy technique, able to measure rates of end-
to-end contact formation in disordered proteins, Vaiana et al. have shown that
the N_loop induces compact states in IAPP, implying attractive interactions be-
tween the N_loop and the disordered linear chain. Here we report that the iso-
lated N_loop (residues 1-8 of hIAPP) forms extremely long and stable non
b-sheet fibers in solution under the same conditions in which human amylin
(hIAPP) forms amyloid fibers. We discuss the effect of peptide cyclization
on intra- and inter-protein interactions, and its possible implication in the func-
tion and pathological aggregation of IAPP. Our findings indicate a potential
role of direct N_loop-N_loop interactions in hIAPP aggregation, which has
not been previously explored.
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Interacting protein networks are responsible for a multitude of biological func-
tions. These Functionally-Linked Interacting Proteins (FLIPs) occur at specific
interfaces. The structures of most FLIPs are identified via X-ray crystallogra-
phy, which can also reveal contacts that are functionally uncorrelated (FunCs)
and the result of aggregation during crystallization. We hypothesize the Energy
Centrality Relationship (ECR) concept that evolutionary pressure to maintain
FLIPs will generate signature characteristics that can discriminate between
aggregation and association. In our ECR analysis, we assess the amino acid en-
ergetic variation upon computational alanine scanning as a function of distance
from the centroid of the interface. Here, we show that positional and energetic
correlation patterns can discriminate FLIP/FunC and when clustered can differ-
entiate between proteins belonging to different FLIP/FunC sub-categories. In
addition, by generating docking decoys for structures of representatives of
protein functional categories, we demonstrate ECR also greatly reduces false
positives in quaternary structure prediction.
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Proteins play an important role in various cellular processes, directly or by in-
teracting with other proteins and macromolecules. The structural stability and
interaction capability are important for their efficient functioning, but identify-
ing the residues most important to those functions remains a problem. Here, we
use a Network Analysis (NA) approach for identifying such important residues
in our interacting protein database, FLIPdb. A residue network can be defined
as all the residues within a contact distance, regardless of bonded or non-
bonded interactions. Other studies done by using Network Analysis connectiv-
ity parameters show that active sites and functionally important residues in
monomeric proteins can be identified. In this work, a residue network was con-
structed in which the amino acid residue Cm atom positions represent the nodes
and the edges are residues whose nodes are within 9 A˚. Analysis of network
centrality parameters such as degree centrality, closeness, and betweeness in-
dicate that the network characteristics of residues in quaternary interactions are
differentiable from those of other residues.
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Protein misfolding and concomitant aggregation towards amyloid formation is
the underlying biochemical commonality among a wide range of human pathol-
ogies. Amyloid formation involves the conversion of proteins from their native
monomeric states (intrinsically disordered or globular) to well-organized,
fibrillar aggregates in a nucleation-dependent manner. Understanding the
mechanism of aggregation is important not only to gain better insight into am-
yloid pathology but also to simulate and predict molecular pathways. One of the
main impediments in doing so is the highly stochastic nature of interactions that
complicates the development of meaningful insights. In this study, we have uti-
lized a well-characterized intermediate along the amyloid-b peptide aggrega-
tion called ‘protofibrils’ as a model system to investigate the molecular
pathways by which they form fibrils using stability and perturbation analysis.
Investigation of protofibril aggregation limits both the number of species tobe modeled (monomers, and protofibrils), as well as the reactions to two (elon-
gation by monomer addition, and protofibril-protofibril lateral association). Our
new model is a reduced order four species model grounded in mass action ki-
netics. Our prior study required 3200 reactions, which makes determining the
reaction parameters prohibitively difficult. using this model, along with a linear
perturbation argument, we rigorously determine stable ranges of rate constants
for the reactions and ensure they are physically meaningful. This was done by
finding the ranges in which the perturbations vanish in a five-parameter sweep,
which includes the monomer and protofibril equilibrium concentrations and
three of the rate constants. These results are presented and discussed.
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Protein aggregation is strongly linked to a number of neuro-degenerative dis-
eases such as Alzheimer’s, Parkinson’s and Huntington’s disease.
Alpha-synuclein (a-syn) is an intrinsically disordered protein found mainly in
neuronal tissue. Its secondary structure is a function of the surrounding environ-
ment, the protein being disordered in a solvent, curling up into an alpha-helix
near a membrane and stretching into beta sheets in fibrils or amyloids. The lat-
ter form accumulates in Lewy bodies, which are implicated in the ontogenesis
of Parkinson’s disease.
To study protein aggregation we are developing a highly coarse grained model,
by representing protein segments as soft rigid bodies of various shapes with at-
tractive patches on their surfaces. To simulate their dynamics, we have imple-
mented a recently proposed Brownian Dynamics (BD) algorithm.
We present results on simulations of single particles, demonstrating that both
translational and rotational diffusion coefficients, as well as the equilibrium
probability densities, are in good agreement
with theory. In addition we show prelimi-
nary results studying the aggregation and
self-assembly of these particles.2001-Pos Board B20
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The development of Alzheimer’s disease (AD), a leading cause of dementia in
the elderly, is characterised by brain neurons degeneration, which according to
recent evidence results mainly from prefibrillar amyloid-b peptide (Ab) assem-
blies. Structural and mechanistic aspects of these neurotoxic oligomeric pro-
vide an important basis for the design of aggregation disrupting molecules
such as D3, a D-enantiomeric peptide recently identified by mirror-image
phage display and shown to both reduce plaque load and improve cognitive def-
icits in transgenic mice. We have employed a number of computational ap-
proaches to examine the nature of interactions between D3 and different Ab
species (monomer and oligomer). using an implementation of the global- opti-
mization approach employing Monte Carlo sampling with energy minimiza-
tion, 6000 D3-Ab monomer and 4000 D3-Ab pentamer complexes were
independently generated, and scored according to calculated binding energies.
The best 100 complexes in each category were then subjected to molecular dy-
namics simulation in explicit water and the Ab-D3 interactions monitored . The
interaction energies were decomposed into residue-residue contributions show-
ing that the association is driven by electrostatic attraction involving D3’s ar-
ginines and the negatively charged residues populating the Ab N-terminal
segment, GLU22 and ASP23 in particular. Our findings are in agreement
with dot blot experiments which showed fluorescein isothiocyanate- labeled
D3 as mainly binding to Ab’s N-terminal portion. The effect of D3 on Ab’s
structure was investigated and shown to destroy the b-sheet in the Ab pentamer.
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We modeled Alzheimer’s Ab1-42 ion channel in a b-barrel structure embedded
in the lipid bilayer using explicit molecular dynamics (MD) simulations. Our
Ab barrels consist of multimeric chains of Ab1-42 peptide. Wild-type Ab1-42
